Cross-section measurements of the dissociation modes
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Although potential energy surfaces calculated for the H3 molecule indicate that there is no stable configuration for the electronic ground state, reaction (1) has been included bec~use highly excited H3 --3-molecules have been observed experimentally.1 .We have not included reactions which might lead to H formation, but we note that Williams 2 and Dunbar have reported cross sections for the production of H from H3+ in the energy range 2-50 keY. The process of H formation is not known.
We have investigated these dissociation modes by pulse-height analyzing the collision fragments and comparing them in coincidence.
We have obtained the cross section for electron capture (we could not distinguish the three modes) and cross sections for each of the modes (4)-(6) for 400-to 1800-keV H3+ ions colliding with H 2 , Li, and N 2 .
Of previous measurements report~d in the literature 2 -19 on the dissociation ofH 3 +, those pertinent to this paper are summarized in The analysis of the data required a knowledge of cross sections for the reaction H 2 -H + H+, 2H+, and H/. These cross sections
were measured with less precision than those for H3+; the results are reported in the Appendix.
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II. APPARATUS AND PROCEIYURE
The apparatus was similar to that used for measuring dissociation of HeH+ ions, and the reader is referred to Ref. 21 for detai1s~
Ene,r g eticH 3 + ions were produced in a Van de Graaff accelerator equipped with an rf ion source. The ions were momentum analyzed and passed through a gas cell (or oven for' the Li target) and the exiting beam and collision fragments were magnetically separated and directed toward an array of fourSi surface -barrier detectors. The . + diameter of the H detector was 2.5cm; the other detectors, 1 cm.
The procedure described in Ref. 21 was used to establish that all r.eaction products were detected; it was found that the 3H+ resulting from double ionization had sufficient transverse energy to require-the larger detector in this position.
The pulses from each detector were amplified, shaped, and sorted by pulse height with single-channel analyzers. The products from each of the dissociation modes were identified by comparing the corresponding single-channel analyzer outputs in coincidence. The counting logic is outlined schematically in Fig. 1 .
Since the pulse amplitude produced in a Si surface-barrier detector is proportional to the energy deposited in the detector, the two In principle, this method should also allow us to differentiate between reactions (1), (2), and (3); however, the counting rates for the electron-capture fragments were so low that it was impractical to obtain quantitative data at any but the lowest energy.
Two target cells were used: HZ and N Z gases were metered into the cell described in Ref. 21 . We assign a standard uncertainty of ± 7% to the gas target thickness (molecules/cm 2 ). Lithium vapor was produced in a stainless steel oven with multiple heat shields. The effective length of the target was 4.79 cm; the entrance and exit apertures were 0.254 and 1.09 mm respectively. Resistive heaters were embedded in the stainless steel structure, and chromel-alumel thermocoupIes inunediately above and below the vapor chamber were used to determine the temperature. The thermocouple system was calibrated at 0 0 and 100 0 C, and at the melting point of lithium,23 180.5±0.5° C.
The melting (or solidification) point was identified hy a change in a .
curve of temperature vs time at cohstant heater power. The data in the compilation by Hultgren ~ ~. 23 were used to convert temperature to vapor pressure. We assign a standard uncertainty of ± 12% to the Li-vapor target thicknes s. 
III. ANALYSIS
The basic method of analysis was the same as that used for HeH+ (Ref. 21 ) with four detectors positioned to collect neutrals, H3+'
, and H. The total number of incident H3 could be determined by surmning the reaction products and adding this sum to the H3+ counts, which represented the part of the beam that had suffered no collisions. The sum of the reaction products was independently determined from the coincidence counts and from the individual counts.
Any discrepancy alerted us to a loss of particles (due to mis-steering or scattering) or a failure in the coincidence circuits. This was particularly important, since the 3H+ -producing collisions scattered the products sufficiently to require special care to assure collecting them all.
Once the number of incident H3+ was known, the fractions of the From the attenuation of the H/ fract,ion as a function of target thickness IT (the nwnber density of the target gas multiplied by the target length) we obtained the total attenuation cross section aT:
, " + ' 
where a. is the cross section for the collision that leads to the set of A numerical scheme was used to obtain the cross sections lI.
I
+ from a least-squares fit to Eq. (11) . In all but the 3H case, the summations of Eq. (11) were small compared to the fir st term, even at the highest pressures used, and mostly served to confirm and improve the accuracy of the results obtained from the "initial growth" portion of the curves.
+
In the case of 3H , however, the population was so small, relative to the other products, that small ionization losses from these products resulted in relatively large additions to the 3H+ population. For this reason many of the cross sections for the production of 3H+ are quoted with larger errors than the others.
IV. RESULTS
The cross sections obtained from this experiment are given in Table II Although we could not distinguish between the production of 3H and H + H 2 , we present the following evidence that most of the electron capture results in H +H 2 : Only reactions (Z) and (6) produce H2 molecules. We recorded (Fig. 1 ) the total number of HZ produced as well as the number of H2 produced in coincidence with H+ [ reaction (6)] .
The difference in these two signals gives the number of HZ produced in coincidence with H [reaction (2)]. At our lowest energy this difference was. equal to the combined 3H and H + H2 signal; thus we conClude that 3H production was negligible with respect to H + H2 production.
At the higher energies the difference between H2 and H+ + HZ was i statistically insignificant and this technique could not be used.
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As mentioned in the analysis section, we had to measure H2 collision cross sections needed in the data reduction. We give the re-I sults of the.se lower -precision measurements in the Appendix.
V. DISCUSSION
Although we have not found any published partial cros s -section data for comparison with our results, there area number of reported measurements of cross sections for production of H, H+, H/, etc.
fragments, mostly for H3+ energies less than about 100 keV (Table I) .
There are also a few measurements of yields of H atoms per H3+ in our energy range (these are required for controlled-fusion-experiment design studies).
Cross sections for particle production, obtained from appropriate combinations of the partial cros s sections in Table II , are given in -12-
APPENDIX
To make corrections in the growth curves for secondary reactions in H2 and N 2 , it is necessary to know the electron-capture and loss cross sections for H+, H, H/, and for the dis·sociation + modes for H2 and H 2 • Among these, the ionization and dissociation modes for H2 could not be found in the literature, and it was necessary for us to measure these cross sections.
For convenience, we produced an H2 beam directly from the H3+ beam by admitting gas into the beam line ahead of our apparatus.
The charged particles that remained were swept out by installing a large permanent magnet just ahead of the target cell. The resulting beam was 10-20% H2 molecules, with the rest Hatoms. The low transmission screen was used to test for the presence of 2H counts and these were not found, indicating that the collimation at the target cell was sufficient to exclude at least one of all H atoms produced in pairs. No H3 molecules were seen.
The methods of taking and reducing data were the same as for.
the rest of the experiment, except that one of the coincidence circuits i+ was changed to measure H + H. The 2H yield was not determined.
The results are presented in Table A .
Due to the large background of H atoms in the beam, the standard error is estimated to be ± 25 %, except as otherwise indicated.
This was sufficient for our purposes. Lines are shown only to connect the corresponding data points. . XBL737-3422 , .
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